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Abstract. Natural fiber composite materials are such an appropriate
material, that replaces synthetic composite materials for many of practical
applications where we need high strength and low density. Natural fiber
composites combine the technological, ecological and economical aspects.
This leads to discovering its vast applications in the aeronautics,
automotive, marine and sporting sectors. This paper deals with the study
on mechanical characterization (Tensile, Compression and Flexural) of
jute/epoxy (JE) polymer composite. The flexural properties of composites
are experimentally tested and are simulated in commercially available FEA
software. Flexural tested results are in good agreement with FEA results.
Scanning electron microscopy (SEM) analysis of the failed samples reveals
the matrix dominated failure.
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1 Introduction

Throughout the 20th and 21st century natural fibers are replacing the existing synthetic
fiber because of their better mechanical properties such as stiffness, modulus, and
flexibility with respect to glass fibers in the fields of automobile, locomotives, marine
structure and commercial application [1,2]. The outstanding preferences of natural fibers
are low cost, low density, abundantly available and simple recyclability [3-8]. Jute/epoxy
composite is one of the fiber reinforced composites which holds the all the above
properties.

Basically, mechanical properties of composite materials depend on the many factors
such as the type of matrix and fiber, fiber-length, direction, orientation, weaving patterns
and number of layers used in composite [9-12]. Flexural test gives the information about
the mechanical properties such as yield stress, ultimate stress, strain, maximum load
capability [13].

In recent decades, research progress has occurred based on mechanical properties of
natural fiber composite and it is noted that improvement was because of fiber selection,
extraction, and treatment [12, 14, 15]. There is scope for modeling of these natural fiber
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composites for a various mechanical testing. From the experiments, it’s difficult to analyze
the crack initiation and its development in the material which can be easily performed using
Finite element analysis software.

The present study addresses the mechanical characterization (tensile, compression and
flexural) and flexural simulation of jute/epoxy (JE) polymer composite. Flexural tested and
FEA simulated results are compared.

2 Materials, method and testing

The Jute/Epoxy composite has been fabricated using woven jute fabric and epoxy (Lapox
L-12 with 10% K-6 hardener). The jute fabric and epoxy resin are used in the ratio of 55%
and 45% volume fraction respectively. The appropriate quantity of epoxy resin and
hardener are mixed in a glass jar using stirrer for a period of 5 minutes. Jute fabric is soaked
in the epoxy resin-hardener mixture in order wet the fabric completely. The soacked layers
are placed in a square shape steel mold (300 x 300 x 5 mm). Then it covered by a
removable plate at above it and that whole system is placed under a compression molding
machine with 25kg/cm? constant pressure for more than or equal to 24 hours to cure. The
specimen was cut from the manufactured plate using a computerized cutting machine. The
geometry of specimens was based on ASTM 3039 for tensile, ASTM 695-02a for
compression and ASTM D7264 standards for flexural testing. Specimens were tested in
each condition to obtain the properties. The test was carried out using Shimadzu AGX plus
100 KN (Japan) UTM which is shown in Fig. 1(a) for tensile, 1(b) for compression and 1(c)
for flexural with a typical arrangement.
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Fig. 1. Testing of samples with fixture for (a) Tensile loading (b) compression loading (c) Flexural
loading

These mechanical characterizations have been performed to evaluate the basic
properties required for the modeling of these composites so as to validate.

3 Modeling of jute-epoxy composite for flexural analysis

FE analysis has been performed to simulate the flexural properties of JE composite which
goes as follows:

In CAE “Part Module” JE plate is modeled as Three-dimensional (3D) deformable solid
element whereas the support roller and loading rollers are modeled as a 3D discrete rigid
solid element. Density and mechanical properties are defined in CAE “Property Module”.
These properties are shown in Table 1. JE plate, support roller, and loading rollers are
assembled in the “Assembly Module” to perform a flexural simulation as shown in Figure.2
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(a). In the “Loading Module,” the boundary conditions are fixed such that loading roller
moves downside (- ve Y direction) and support rollers are fixed in all directions. The
meshing of all the parts created using 8 noded linear brick 3D solid element C3D8R in
“Mesh Module” which is shown in Fig. 2 (b) and the job is submitted and results are

extracted.
Table1 Material properties of Jute/epoxy composite [16]
JE Density (p) | Modulus of elasticity | Poisons  ratio | Shear Modulus
Composite | kg/m? (E) GPa ) (G) GPa
1337.5% 12.57% 0.3395%* 2.452%

# Experiment *Rule of mixture

E JE Plate R Loading roller

\4 X s RP

X RB

. Support roller

Fig. 2. JE plate flexural loading a) Assembly and b) Mesh of parts

4. Results and discussion

The typical experimental stress-strain graph for the jute/epoxy composite is shown in
Figure.3 which proves that JE composites have higher flexural strength than tensile and
compression. The tensile strength of the JE composite was found to be 55 MPa which is
almost 20% higher than the woven jute-glass-epoxy hybrid composite characterized by
Soma Dalbehera and S. K. Acharya [17]. The compression strength of JE composite was 62
MPa with failure strain was 0.09. Whereas the flexural strength of JE was 76 MPa with
very less failure strain of 0.015.
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Fig. 3. a) Stress-strain Graph for JE b) Flexural comparison graph of force-displacement curve for JE

composite.
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The very similar trend of the force-displacement curve obtained for experimental and
simulation is shown in Fig. 3(b). Fig. 4(a) shows simulation at zero seconds and Fig. 4(b)
reveals the stress development in the material due to bending thereby very small crack
appears on the JE composite which was matrix crack formation. As the bending force
increases the development of the crack takes place opposite side of the loading that is
bottom side of the plate which can be seen from Fig. 4(c) due to the pulling of the fibers in
the opposite direction. On further increasing the load the crack propagates towards the
upper side of the plate due to the failure of the jute fibers and finally, failure of component
takes place which is seen from the Fig.4 (d). The Fig. 5(a) indicating the matrix dominated
failure. Fiber pulls out due to tension at the bottom side of the plate and compression at the
top side of the plate. Failed samples which are no more capable of taking the bending load
are shown in Fig. 5(b)
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Fig. 5. Experimental JE composite a) Flexural crack propagation and b) Failed sample
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A very similar kind of crack propagation and failure of the bending plate takes place
which can be seen from the FE simulation and experimentation plots of Fig. 4(d) and Fig.
5(a) respectively.

Jut‘e Fiber Epoxy Matrix

24 58 SEI

Fig. 6. SEM Fracture micro-graphs of Jute-Epoxy composite

Fig. 6 shows the fracture micro-graph for the jute-epoxy composite flexural tested
mixed mode failed specimen, where matrix cracked at the very first with large pulling of
fibers, appears on the lower side of the load applied which is very similar to that obtained
from the simulation.

5. Conclusion

Jute-epoxy composites were fabricated successfully by compression molding technique.
Flexural strength of fabricated samples comparatively higher than tensile and compression
strength.

The flexural analysis of Jute-epoxy composite has been performed and crack initiation
and propagation predicted was very similar to that are obtained from experimental testing.

SEM fractography reveals matrix dominated failure which was also true from the FEA
simulation.
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